We have developed a simple technique for the replica plating of Chinese hamster ovary (CHO) cells. In this procedure cells are allowed to divide for 8-16 days between the
The isolation of Escherichia coli mutants has been facilitated greatly by the availability of replica plating as a method for the indirect selection of auxotrophs (1) . A procedure of comparable simplicity has not been reported for colonies of somatic cell lines grown in tissue culture (2) . Stamato and coworkers have recently described a technique for transferring animal cells to nylon cloth (3, 4) . However, the formation of satellite colonies was not circumvented and the transfer efficiency from the plate to the cloth was only 80-90% (3, 4) .
We have developed a technique that permits the replica plating of clones of Chinese hamster ovary (CHO) cells with high fidelity and superior resolution. Our procedure involves the transfer (and subsequent establishment) of viable cell colonies from a master plate to a disc of filter paper. The paper disc not only eliminates the formation of troublesome satellite colonies, which may obscure the scoring of genetic markers, but also can be used for colony autoradiography, as described earlier for the isolation of biochemically defined membrane mutants of E. coli (5) (6) (7) . The filter paper replica-plating technique has been used to isolate clones of CHO [2- 14Cluridine, and myo-[U-'4C]inositol were purchased from the New England Nuclear Corp., Boston. CDPdiglyceride was prepared and stored as reported previously (5) . All nonradioactive substrates and inhibitors were obtained from the Sigma Chemical Co., St. Louis.
Cell Lines and Media. Chinese hamster ovary cells (CHOKl) were obtained from the American Type Culture Collection (CCL-61), Rockville, MD, and were grown in Ham's F12 medium (Gibco) supplemented with 10% fetal calf serum (Gibco), penicillin-G (100 units/ml), streptomycin sulfate (100 ,tg/ml), and NaHCO3 (1.176 g/liter). Bovine pancreatic insulin was also included at 20 ttg/ml in some experiments. Cultures were generally maintained at 370 in a 5% CO2 atmosphere at 100% humidity. The growth medium was replaced routinely every 3-4 days in all cloning experiments.
F12 medium lacking inositol was prepared as described by Ham (8) , and was supplemented with 10% serum that had been dialyzed twice against 60 volumes of phosphate-buffered saline (Pi/NaCI) (9) .
Mutagenesis. Cells growing as monolayers (2 X 104 cells per cm2) were treated for 16 hr -with ethyl methanesulfonate (Eastman) at 400 ,ug/ml under conditions that otherwise allow normal growth (10) . After mutagenesis and 3 days of further growth, the cells were harvested by trypsin (Gibco) treatment (11) , and stored in multiple vials in liquid nitrogen. Clones arising from mutagen-treated cells were subsequently derived from this stock.
Handling of Paper and Glass Beads. The method for establishing the colonies on filter paper is described in detail below. Circles of Whatman no. 50 paper were cut to fit exactly into the bottom of 100-mm plastic tissue culture petri dishes (Falcon). The paper was notched to permit easy removal from the dish and was numbered with a no. 3 graphite pencil. Glass beads (4 mm diameter) were routinely washed with acid -). Both the paper and the beads were sterilized by dry heat (1250).
RESULTS
Transfer of CHO Colonies to Filter Paper. About 500-1000 cells are placed in a plastic petri dish (100 mm in diameter), containing 15 ml of growth medium, and are incubated at 370 for 1 day to allow attachment to the bottom of the dish. A sterile disc of filter paper is then floated in the dish and is weighted down with enough glass beads to form a single, even layer. The beads, which are poured on the floating paper, hold the paper flat against the bottom of the dish and permit the periodic exchange of growth medium without disturbing the colony pattern. This overlay does not decrease the efficiency of plating and promotes the formation of especially large and uniform colonies. Importantly, by placing the filter paper in contact with the cells shortly after seeding (within 24 hr), the formation of Abbreviations: Pi/NaCl, phosphate-buffered saline; CHO, Chinese hamster ovary. 1190 The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. satellite colonies is eliminated completely. After 7-10 days the medium is aspirated, the beads are decanted, and the overlay is removed with sterile tweezers. The colonies are 2-4 mm in diameter on the bottom of the dish and 1-3 mm on the paper.
Our approach differs from that of Stamato et al. (3, 4) , who applied nylon cloth to 6-day-old CHO colonies, using only the surface tension of the residual medium in the cloth to promote cell adhesion. They limited the contact time to a few hours to minimize loss of cell viability. Under these conditions the few cells that are transferred to the nylon must be allowed to grow for several additional days. The nylon cloth technique does not eliminate the formation of satellite colonies, and the transfer efficiency is 9Jo at best (3) (4) . Under our conditions, the transfer of colonies from the master plate to the paper is 95-99% ( Fig. 1 A and C Fig. 1 ) and placed in the reaction mixture (0.9 ml total volume). The assay is that of Rao and Strickland (13, 14) except that (3.7 Ci/mol) and 1.0mM CDPdiglyceride (egg) were used. The reaction was stopped after 90 min with 20% trichloroacetic acid (as in Fig. 1 plastic dish filled with 15 ml of growth medium, and the paper is weighted down with glass beads. After 3 days at 370 the transfer of the colonies from the paper to the new plate is complete (Fig. 1B) . The paper can now be washed a second time and used to make as many as three additional (and identical) replica plates (data not shown). All of the colonies initially established on the paper are transferred to the replica plates (compare Fig. lB and C (20 ,g/ml) . Therefore, insulin is included in all situations involving the growth and replica plating of mutagen-treated cells. After 7 days of growth between the master plate and the filter paper, the paper is washed, and the first replica plate is made in complete medium. This process is complete after 3 days, whereupon the paper is washed again. Before the second replica plate is made, the washed paper is incubated for 2 days in a medium lacking inositol. This is done by placing the paper (cell side up) on top of a single, even layer of glass beads in a petri dish. Enough inositol-free medium is included to barely cover the tops of the beads. This incubation of the paper on the beads does not distort the colony pattern and depletes the endogenous pool of inositol. After this 2-day preincubation, the paper is washed again to remove loose cells, and the second replica plate is made in the absence of inositol. Fig. 4 and Table 1 . medium lacking inositol were isolated by the replica-plating technique described above. Ethyl methanesulfonate was used as the mutagen (10). As described in the legend to' Fig. 3 , two replica plates were prepared from each paper copy, the first in complete medium and the second in a medium lacking inositol. A preincubation in the absence of inositol was required to deplete endogenous inositol pools and to prevent residual growth of the auxotrophs during the second replica plating. The clones on the two replica plates were then stained with Coomassie Blue and aligned. Colonies present on the first plate but absent on the second were identified (Fig. 3, arrows) and then retrieved with the aid of glass cloning rings (15) from the original master plate. (This had been stored at 290 overlaid with a fresh disc of paper in complete medium.) The use of two replica plates alows us to neglect the few colonies that failed to transfer from the master to the filter paper initially (compare Fig. 1 A and C) . Fig. 4 and Table 1 wdemonstrate the requirement for added inositol (0.1 mM) of several mutants isolated in this way. In the complete medium (Fig. 4A ) the wild type and the two mutants grow at the same rate. The absence of inositol has no effect on the wild type (Fig. 4B) , but dramatically inhibits the growth of the mutants. These differ somewhat in the rapidity with which they respond to inositol deprivation. Table 1 shows that both mutants are also impaired in their ability to form single colonies in medium lacking inositol in contrast to wild-type cells, which form normal colonies in both cases.
Altogether, about 2000 colonies were screened as described in the legend of Fig. 3 . Ten potential mutants were identified and repurified once. Of these, four were found to be genuine inositol auxotrophs. The others, which may not have been repurified adequately, were not further characterized. Other Modifications of the Technique. As many as 800 colonies per 100-mm dish can be replica plated with high fidelity, although 200-300 colonies are used routinely. We can also make filter paper copies at 330, but under these conditions the efficiency of plating is lower and the transfer to the paper is reduced. As' with mutagen-treated cells at 370, however, the addition of insulin (20,ug/ml) improves the transfer at 330 so that it is comparable to that observed at 370 (Fig. 1C) for wild-type cells. At 330 a total contact time of 14 days is required to achieve satisfactory transfer. It is especially important that the technique be useful at 330, since this is the permissive temperature for conditional mutants defective in essential functions.
The transfer technique described above can also be used with HeLa cells and L cells and is currently being tested with normal and virus-infected 3T3 cells. These lines require somewhat different conditions for optimal transfer. CHO colonies also transfer to other supports, such as nitrocellulose, nylon cloth, Fig. 4 and Table 1 were easily identified without any prior enrichment. A few auxotrophs requiring cholesterol or unsaturated fatty acids have been described (16) (17) (18) , but this genetic approach has not been used extensively for the modification of membrane lipid composition. Additional auxotrophs for common lipid precursors, such as glycerol, mevalonic acid, and sphingosine, would also be of considerable interest in this regard and should now be readily accessible.
An unexpected benefit of our overlay and replica-plating technique is the striking elimination of the satellite colonies. Had the paper overlay been omitted in the experiment of Fig.  1A , the plate would have become a nearly confluent monolayer of cells after 9 days of incubation. Prevention of satellite colonies permits the formation of much larger colonies from single cells. This greatly simplifies the scoring of genetic markers and mutation frequencies, and the colonies are sufficiently discrete to be counted by an automatic colony counter.
There are no other simple methods for the rapid biochemical screening of somatic cell colonies for defects in specific enzymes and subcellular components (19) . We feel that the filter paper copy generated by the procedures described here will be especially useful in obtaining mutants in different stages of macromolecular synthesis. It should also be adaptable to fluoresbent-staining techniques and to the radiochemical detection of cell surface receptors. Since it should be possible to adapt existing nucleic acid hybridization techniques (20, 21) , the filter paper copy should be useful for identifying viral or other specific DNA or RNA sequences in animal cell colonies.
